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WAIT! Don't tuen the page. 1 know
that siruple spring reverb systems may
not have the greatest reputation in the
weorld, but this version uses 2 truly
novel design tachnique. The resuit is
teverh system: that offers an attractive
combination of low ¢ost and high per-
formanes,

You don't have to take ry word for
it, though. An engineer for & well-
known manufacturer of effects hoses
recontly developed an allelectronic
reverb systemy; pert of his market e
search involved checking out the
reverb market to see how his design
compared to other currently available
models. Since T felt he could be a little
more objective about the “Hot
Springs” reverb than | could ba, T ask-
ed him to give it a listen, He was ab-
solutely floored, and seid i sounded
better than anything els he had heard
during his months of testing! I think
you'll probebly feel the same way after
hearing it...but before we get into
building, we need to examine just why
the “Hot Springs” reverh for “HS”
reverh for short) is so different from
the norm.

How Spring Reverhs Work

Let's begin by refreshing our
memory &3 to how spring reverbs work
in general fsee Figure 1) The spring
connects to two transducers, ane at the
inpat and one &t the output. Signals
appearing af. the outpit of the drive
amp couple into the input transducer,
which then takes this signal ang
couples it to a long spring; the sigmal is
delayed as it travels down the spring,
The output teansducer picks up this
delayed sound, and fesds 1t to 2
recovery amp which takes the exireme-
ly weak output of the reverb spring
and amplifies it o a useahle listening
lovel,

So far, what we have desertbed
would only give 4 single “slapback”

By Craig Anderton

type of echo if it weren't for one very
importan: fact: once the signal has
reached the end of the gring, it
hounees back along the spring towards
the imput, then reverses direction and
hounises back towards the output again
fcontributing another echol, refurns
again towards the input, and so on un-
til it eventually fades out. This creates
the effec of multiple echoes and re
flected sounds—just ike you get ina
lorge room, Also, there are several
methenical resanances fn the spring
itself that add peaks and dips in the
response. This helps to simulate even
more closely the properties of “real-
world" reverh,

However, there are some probiems
{aren’t there aiwaysi). The first 33 that
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the motion of the spring itself adds a
certain type of sound to the audic
signal, which produces the character-
istic “boing” and “‘twang’’ of spring
veverbs, The second problem is that if
you just listen to the reverb ocutput,
you'll hear a mushy version of the
“dry” sound along with the sounds
created by the multiple reflections and
schoes we mentioned earlier. The third
problem is that the spring output is in
the millivolt range, which is exceeding-
ly weak. As a result, the recovery amp
must run at a very high gain to bring
this signal up te a useable level, and
this contributes noise to the system.
The final problem we’'ll discuss is that
springs have an inherent bandwidth li-
mitation, which means that there is no
significant sudio energy above approx-
imately 5 kHz. This is why springs
often sound bassy and boomy com-
parsd to a good, crisp plate system.

Solving these Problems

The HS design uses “hot rod” guitar
pickup technology to overcome the
above-mentioned problems. This is ons
of those situations where the solution
seems so obvious you wonder why no
one has thought of it before; but to the
best of my knowledge, and several
other people, the following represents a
totally original approach...so
MR&M readers, you heard it first.

The basic principle is to take two
springs and connect the input and out-
put transducers in a special way, as
shown in Figure 2. The input trans-
ducers are connected in series and out-
of-phase; the output transducers are
connected in series but in-phase. As a
result of the out-of-phase input con-
nection, the original audio signal—as
well as the “sproings™ and “boings”—
cancel each other out at the output,
leaving mostly the multiple echoes and
reflections. This neatly sclves prob-
lems 1 and 2, and gives a very rich re-
verb sound. Additionally, the input
transducers are driven by a constant-
current source that provides equal
drive for high and low frequencies.
This gives the bright high end
associated with plate systems, while
de-emphasizing the muddy, bassy
sound often encountered with some
spring reverb designs. Finally, by con-
necting the output coils in phase and in
series, we double the overall output
level. This means that the recovery
amp doesn’t have to provide quite as
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much gain, thereby giving an improv-
ed signal-to-neise ratio.

You might wonder why the cancella-
tion effect discussed above doesn't
cancel the entire reverk signal. Lucki-
ly, although reverb springs are
matched closely enough sc that the
“boings” and dry signal are mostly
cancelled, there are enough differences
in response {particularly in the high
frequency regions) so that the subtler
reverb sounds are left pretty much
unaffected.

Musically speaking, we traditionally
think of reverb as trying to simulate
the scund someone sitting in the au-
dience would hear at a concert. How-
ever, anyone who has played ou the
stage of a 2000 to 10,006 seat venue
knows that reverb sounds gquite dif-
ferent from the performer’s perspec
tive; it is this sound which the HS re-
verh simulates. Instead of hearing an
ill-defined reverb mix of dry signal and
hall acoustics {as you do in the audi-
encej, from center stage you hear the
reverb coming back at you without any
discernible dry signal, What this
means in the studio is that the HS
reverk sound mever “steps on” the
signal being reverberated, since it con-
tains the multiple reflections and
echoes associated with a good reverb
sound while excluding virtually any
trace of the original signal This is
highly desirable, since in practice the
reverb signal is mixed in at a low level
compared to the signal being reverber-
ated. By cancelling the muddy sound-
ing wersion of the dry signal thaf
comes out of most spring reverbs, the
overall sound is clean, crisp and well-
defined instead of being boomy and
sproingy. Vague terms, to be sure, but
if you've worked with inexpensive

spring reverb systems in the past I'm
sure that all the above expressions will
sound familiar.

Controls and Options

Actually, the only control for the
reverb unit i a levelmatching trim
pot. At maximum sensitivity, signals
greater than —10 dB will overload the
driver amp. At minimum sensitivity,
clipping does not occur until the input
reaches +15 dB or greater. There is an
additional clipping indicator LED that
lets you know when the driver amp is
being overloaded. Due to the high-fre-
guency boosting action of this stage,
clipping will oceur sooner at higher fre-
quencies than at lower frequencies.

Finding Parts

Asg mentioned in the last D.LY. (Vdo-
it-yourself”) Limiter article iModern
Recording & Music, November 1979]
whenever possible I try to line up a
parts source that stocks all of the parts
necessary to build a given circuit, as
well as provide a repair service for wir-
ing jobs that go astray. For this pro-
ject, PAIA Electronics (1020 W.
Wilshire Blvd., Oklzshema City, OK.
731186} is again providing this service—
particularly because they stock the Ac-
cutronics mode! #1FB2B1D reverb spr-
ings which are used in this project.
These springs were chosen for their low
eost, small physical size, sound quality
and ready availability from PATA. As
a result, all circuit components were
selected with these springs in mind.
While other springs may be used with
this project, I cannot guarantee the
guality of performance if substitutions
are made. All other parts are common-
Iy available and shouldn’t be hard to
find at all. If you decide to build the
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project from scratch, however, I highly
recommend that you follow the circuit
board layout as closely as possible to
prevent ground loops, hums, oscilla-
tions and other potential problems.

Preliminaries

While this is a fairly simple project,
some aspects of it [such as modifying
the reverb springs) require a bit of
skill. So, I wouldn't recommend that
beginners undertake this project um-
less they have successfully completed
similar projects in the past. On the
other hand, 1 said the same thing about
the D.1.Y. Limiter and several begin-
ners built it with no trouble at all. You
are probably the best judge of your ca-
pabilities, However, there are some
basics which wmust be observed,
narnely:

B Use a low wattage {40 watts or
less) soldering iron. Do not use solder
ing guns/

8 Use only rosin core sclder de-
signed for electronic work. Any kind of
acid core solder, or use of flux, will ruin
an otherwise good circuit board and
some of the parts as well, Use the
solder sparingly; don't blob it all over a
connection, since that can cause shorts
between adjacent circuit board traces.

# The amount of heat used in solder-
ing is very important. Too little heat
can cause ‘“‘cold” joints, where the
selder’s rosin is not sufficiently
melted; this causes a high-resistance
connection. On the other hand, too
much heat will damage parts. I'd sug-
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connection to be soldered for & few
seconds, then feeding in a little bit of
solder and continuing to apply heat un-
til the solder flows freely over the con-
nection. If the solder balls up arcund
the connection, reheat it and feed in a
little more solder,

B Use an IC socket. This simplifies
replacement should the IC ever fail;
also, you don't have to worry about
frying the part through incorrect sol-
dering techniques (see Figure 3a/.

B Clean the copper side of the circuit
board with steel wool to remove oxida-
tion, A bright and shiny board coniri-
butes to successful soldering,

B Note that electrolytic and tanta-
lumn capacitors are “polarized” com-
ponents and have {+) and {—} marks,
just like a battery. Like a battery, if
you don’t hook these parts up right the
circuit won’t function; so, the circuit
board legend has a (+} symbol near the
hold where the capacitor's (+) lead
must go. LEDs and diodes are also
polarized. Referring to Figure 35, the
LED symbol is an arrew peiating
towards a bar. Generally, the bar (or
cathode) end of the LED is designated
with either a flat indentation in the
case or a dot of paint. Diodes have a
similer schematic symbol, and the bar
end of the diode corresponds to a band
painted on the diode itself.

8 Take vour time and work careful-
ly. Impatience is one of the biggest
reasons why do-it-yourself projects
fail.

M No power supply is shown in the
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wou can use the same power supply;
simply tap off another set of connec-
tions for the reverb unit and you're
ready to go. Otherwise, you can use
any +/—1F V hinolar supply such as
the PAIA 9770Ror the HK-116 from
Bill Godbout Electronics {P.O. Box
2355, Oakland Airport, CA. 94614}

Space prohibits us from going into
all possible aspects of electronic con-
struction. If you'd like to find out more
about this topic, refer to my Electronic
Projects for Musicians book (published
by Music Sales, 33 West 60th Street,
NY, NY 10023) [Craig. . . is this a bla-
tant plug for your book!?—Ed.]. It con-
tains complete information on finding
parts, soldering, packaging projects,
labelling, etc.

CONSTRUCTION: There are four
distinct phases to construction: 1} load-
ing and soldering the circuit board;
2) medifying the reverb springs;
3) packaging the springs and cireuit
board in a suitable chassis; and 4) con-
recting the circuit board to the power
supply and springs. We will deal with
each one in order.

SOLDERING the CIRCUIT BOARD:
Referring to Figure 4 (the component
side of the board) and the parts list,
solder the various compecnents in place.
Start with the resistors first, then the
IC socket, capacitors and trimpot.
Check that &ll solder connections are
well made, then proceed to the next
section.

MODIFYING the REVERB SPRINGS:
In order to do the various in-phase and
out-of-phase tricks mentioned in the
beginning, we have to modify the wir-
ing of the two reverb springs. This is
probably the most complex part of the
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project, so pay careful attention to the
following instructions.

Begin by placing the two reverb
units side-by-side with the springs fac-
ing up, as shown in Figure 5; note that
the two jacks are facing to the left. The
input jacks are towards the top of this
figure, and the output jacks towards
the bottom. Since the input jacks are
eagiest to wire up, we'll do them first.

Referring to Figure 6 (which shows

the modified wiring}, disconnect the
black wire aitached to each reverb
spring’s input transducer from the
associated ground lug of the input
jack, Next, note that there are some lit-
tle springs that hold the spring plate to
the case, and that these springs hook
on to a hole in the side of the reverb
spring case. Now connect a small piece
of thin gauge insulated wire to the
black lead of the left-most reverb unit,
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run it around the inside of the case as
shown, and run it through the heles in
both cases where the little springs
hook in. Then, after you've gotten this
wire inside the reverb unit on the right,
connect it to the black wire coming
from the remaining transducer. Final-
ly, use a thin piece of electrician’s tape
to insulate the connection between the
transducer leads and the added
“jumper’’ lead. Check with Figure 6
again to make sure everything is con-
nected correctly, and that the extra
length of wire does not interfere with
the free motion of the reverb spring
plate.

Figure 7 shows a detail of the
modified output jack wiring. In this
case, disconnect the green wire from
the laft $ransducer and the black and
green wires from the right transducer
from their associated phono jacks.
Connect the green wire from the left
transducer t¢ a short length of thin
gauge insulated wire, and run this into
the right reverb case through the case
holes {like the ones mentioned above).
This wire should then connect to the
black wire from the right transducer.
Finally, the green wire from the right
transducer should connect to a wire
that again runs through the two holes
used for routing the last wire, and ends
up connecting to the “'hot” terminal of
the output jack mounted on the left
reverb unit. Look carefully at Figure 7

Figure 8

to check that all is well. It is important
that the wires not interfere with the
motion of the springs or the plate to
which they connect. Make a mark on
the case near the output jack so that
you don’t forget which one is wired to
the springs.

(If you feel ambitious, the two wires
connected to the output transducers
can be shielded. However, you'll have a
hard time finding shielded wire that’s
skinny enough to be comfortably
routed as shown in the diagram-—lucki-
ly shielding isn't absolutely necessary.)

Now that the springs have been
modified, it's time to find a suitable
enclosure to hold the springs and cir-
cutt board. Figure 8 is a photo of the
case I used, which is a general purpose
gluminum chassis soid by electronics
supply houses. Since ! wanted stereo
reverd, 1 used four spriogs (two for
each channel}, These springs should be
mounted as shown; do not mount them
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upside down or sideways, as they don’t
sound right that way. In my particular
case, I mounted the two circuit boards
for the two channels inside the box,
and ran the connections from the
boards to the springs through a few
holes drilled in the chassis. The input/
cutput jacks and LEDs mount on the
front of the box as shown.

Connecting It All Together

Now we come to the last stage. Runa
shielded cable from pad I on the board
to the input jack; connect the shield at
the board end only. Note that there is a
pad next to pad I {pad “g") where you
can connect the shield. Next, run &
ghielded cable from pad O to the out-
put jack: again, connsct the shield at
the board end to the pad “g” wext to
pad 0. Al fature steps invalving
shisided cabie shouid have the shislds
ronnect Ho the nearest pad “g’ on the
board. Do not confuse these with poeint
“03,” whose use will be coverad latar

Now connect a length of shislded
cable to point A, and terminate if in an
RCA phono jack, This wire should be
long enough to reach either reverb
spring input jack. The shield should
not connect to the plug's ground, but
just to pad “‘g” on the board. Plug this
ungrounded phono jack inte the revarb
gpring input. Then, in & similar
fashion, connect a piece of shielded
cable to peint B, with its shield con-
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Dual Reverb Springs

Driver Amp

Recovery Amp

(s

pected to the “'g” vad pear 3. Agsin
check 1zt the shield does not commact
to the phug’s ground. The ungrounded
phone plug connected o this wire
should plug inte the remaining reverb
spring input.
Qur final piece of shielded cable con-
nects to point C, with {you guessed it

SPECIFICATIOMNS

Maximum input before ¢clipping: —10
dB (maximum sensitivity), + 15 dB
{minimum sensitivity)

input impedance: 10 k {may be
changed to 100 k by repilacing R6
with a 100 k resistor and C4 with &
.22 uF capacitor)

Quiput impedance: Less than 1 k

Current consumption; +7 mA, — 7 mA

Signal-to-noise ratio (peak output
compared to residual noiss)y
greater than 63 dB

Frequency response of reverb signal:
(please note, due to the various re-
sonances and uneven responss de-
sirable in & reverb unit, it is difficult
to give accurate response figures.
The Figure 70 graph is an attempt
to average the response to give a
meaningful compesite figura).
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the gmu“vd commecking 5o the neavesi
point “g.”" Thiz wire should terounaie
in an RLA. phono plug; but this time,
make sure that you do connect the
shield to the plug’s ground, then plug
into the reverb spring output lack you
marked in an earlier step.

QK., now we've connected the
springs to the circull beard and the cir-
cuit board to the input and output
jacks. Qur final task is to hookup the
LED and power conmnections, Run a

wire from pad L to the anode of the in-
dicator LED; run & wire from the
rathode of the LED: to a convenient
ground point, such as the ground tab of
the putput jack. For power, connect
pad  to the ground tab of the input
jack, then corment the +15 V line from
your power supply to pad V-4, the —15
V line from vour supply to pad ¥V — and
the ground line from your supply to the
chassis ground or input jack ground
tab. In my version, I used a stereo jack
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“HOT SPRINGS” REVERB PARTS LIST

Resistors
All resistors are va-watt, 10% tolerance unless noted. 5% tolerance resistors
are preferred.

R1 100 Ghms

R2 2.2 k (2 k 2 metric)
R3 3.3 k (3 k 3 metric)
R4, RS 47 k{4 k 7 metric)
R6, R7 10k

R 10 k trim pot

R9 22k

R10 47 K

Ri1 1.5 M {1 M 5 metric)
K12 2.2 M {2 M 2 metric)

A13, Ri4 10 Ohms

Capacitors
Al capaciions are ratad al 15 of more warking volts.

BF (2 nF meirls oolvatyiens
3 dlag goramic

v Eaniaium

» of fanisiom

= glactvolviic or tanisium

100 uF etacirolyile or tanialum

Semisonducton

¥y 1ME14 o gouivalant silicon diode

D2 Rad LED ‘

o REAT%8 (Raviheor) of XR4138 (Exart gquad op-amp

{ther Pails

J1, Jd2 Ooen sirguit Ya-ingh phone Jacks or RCA phons jacks {(depends
on your particular setup)
Misc. 14 pin, IC socket, Accutrenics #1FB2ZB1D reverb spring, circuit

board, scider, case, wirs, sto.

on the front for my pewer supply wir-
ing; this enables me to use a sterec
cord tc plug the reverb unit ints a
multiple-cutlet power supply.

One more thing: If for some reason
you mount the reverb springs on a nepn-
conductive material e.g., plastic), run 2
wire from sach reverb spring case to
ground. It is important that the spring
cases be grounded te keep hum to a
minimurm.

Testing Time
Connect the cutput of the reverb
system to a suitable monitor amp (with

the volume turned down!), then patch
an instrument, tape track, or similer
signal source into the reverh input and
apply power, Turn up the manitor; you
should hear the reverberated sound.
Now observe the indicator LED. If it
doesn't glow very much, irerease the
sensitivity trim pot so that it flashes
on signsl peaks in order to avoid ex-
cessive hoise. If, on the other hand, the
LED flashes a lot, decrease the sensiti-
vity to avoid distortion. The setting of
this trim pot is rather important, so
don't be afraid to experiment. If you
find that the reverb output is teo

noisy, make sure that the sensitivity
control is set properly in order to give
the maximum possible level to the
springs short of distortion.

How It Works

Referring to the schematic (Figure 9),
IC1A is the driver amp. Capacitor C1
tunes the reverb for a response peak at
about 5 kHz, while RO sets a ceiling on
the maximum amount of gain genera-
ted by this stage. IC1C and IC1D tap
off the output of this stage and com-
prise a simple clipping indicator, If the
signal appearing at IC1's output ex-
ceeds the threshoeld set by R3/R4, then
IC1C turns on and charges C2 through
D1, CZ acte as a pulse stretcher tu
catch short duration transients, with
the decay time being set by R1L ICID
simply buffers this cap and drives the
clipping indicator LED

Signals appearing at Lhe spring
put drive TC1E, the high-gain reco
amp staga. The 2.2 M feedback resistor
ig iind of extrerms, but of all the con-
Hgurations tested this one geve the
lowest overall noise figure, B5 i3 2 low
enoigh vaiue to load down the springs
tust a tiny bit, which reduces excessive
high freguency response thet would
stharwise udd a kind of “‘tinniness’ to
the souml. You can substitule s 10 k
reaistor for B5 if you'd liks to trade off
more noise for extended handwidih.
but I think 4.7 k gives the best overall
resulis.

By the way, if the reverb unit has
poor lead layout or ground loop pro-
blema {which it shouldn't if you follow-
ed the instructions carefully), it's
possible that ICIB will oscillate. Te
avoid starting over fromn scratch, you
can fix the problem by adding a 10 to
20 pF capacitor in paraliel with R12.
However, this should not be necessary
if you grounded your shielded cables
correctly and used the circuit board
tayout shown in Figure 4.

In Conclusion

I hepe you get as excited about this
reverb unit as [ am; I think it sounds
real good, and am happy to be able to
share it with the recording fans whe
devour MR&M each month, If you
have any guestions about the reverb’s
operation, or run into difficulty, be
sure to write so that we ¢an cover any
problems in future issues of ME&M.

Copyright (G) 1980 by Cralg Anderion -i
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Applying the Hot Springs: Recording console. Figure A-1 shows a
typical mono Hot Springs application. The reverb buss cutput feeds
the Bot Springs input; the output of the Hot Springs then proceeds to
one of the mixer inputs. This input then becomes dedicated to reverb,
Turning up the master fader associated with the reverb channel brings
reverb intc the mix. Generally, you'll want to pan this in the center
of the stereo spread.

If you have a stereo Hot Springs setup, and your mixer has a
stereo reverb buss, you can feed two reverb units and then dedicate
two mixer inputs to stereo reverb returns, In this case, you'd pro-
bably want to pan the reverb channels to the left and right of center
to achieve a good stereo spread.

Fig. A-1

input Moduies

A i
~ L in

reverh in out

raverh send conirols s e HOT

buss out
main faders SPRINGS




spplwing the Hot Springs: Instrument applicatioms. Figure A-2
shows a typical setup with a two channel amp. Hote that for instru-
ment use the Hot Springe should be modified as mentioned in the
instructions under ""Specifications" for a 100k input impedance; for an
even higher impedance (suitable for guitar), change R6 to 220k and C4
to 0,1 uF. Use a Y cord or splitter to send the instrumenkt signal to
channel one of your amp as well as the Hot Springs input. Then patch
the Hot Springs output to channel two of the amp. Adjust the amount
of reverb with channel two's volume control, and adjust equalization

to suilt.

Fig. A-2

in HOT out fe Ch2
SPRINGS

’Ch1

Hot Springs limitations. The Hot Springs has been successfully
installed in hundreds of audio applications, and is recognized as a
great sounding, cost—effective spring reverb. However, it is still a
spring reverb at heart, and therefore may produce a small "glitch"
when a sudden, short transient enters the unit, Generally, this is
only a problem if you're listening to the reverb channel by itself
because whatever causes the glitch will be loud encugh tc mask that
glitch, as long as some of the dry signal is present along with the
reverb sound. Luckily, the Hot Springs design minimizes this glitch,
but it still can be noticed under worst-case conditionms.

Another limitation of spring reverb is "flutter". This can occur
with the Hot Springs 1f the unit is overloaded, driven by a loud
transient, or driven by something with little or no harmonic content
that covers a wide frequency range (such as a sweeping sine wave audio
oscillator). 1If you avoid overloading the unit and put complex sig-
nals (voice, guitar, bass, program material) through the Hot Springs,
this problem will be virtually inaudible.

Also note that the spring units will not sound as good if mounted
upside—-down or on their sides.

Modifying "room size". The Hot Springs scunds like a big hall or
auditorium. If you want to simulate a smaller room, and minimize
flutter as well, add some damping. Take a long, thin rubber band and
wedge one end in between the spring coils about 1/3 to 1/2 way from
the end of one spring, and wedge the other end in the other spring in
an opposite manmer (see figure A-3). You can also "tune" the springs
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to give a more metallic effect by wedging a 1/2" or so resistor
clipping in between the spring coils. Varying the placement of this
clipping alters the "tuning". Please note that the reverb transducers
and springs are delicate, so be careful and don't void your warranty
by damaging the springs.

Fig. A-3

thin REVERB
rubber — ! SPRINGS
band

Using the Hot Springs with special effects. There are several
ways to enhance the Hot Springs sound:

# Followed by EQ. The PAIA Parametric Equalizer is ideal for
post-processing of the Hot Springs and changing the reverb timbre.

# Followed by flanger or chorus unit, Flangers and chorus
units, such as the PAIA Hyperflange + Chorus, add animation and
interest to the sound of the reverb. Stereo chorus units are excel-
lent for synthesizing a steree reverb field from a single Hot Springs
channel,

e Preceeded by delay line. Pakching a delay line before the Hot
Springs allows you to add pre-delay in the range of 25 to 100 ms
{these are starting pointsj; whatever delay works musically is fime).
The PGS Flectronics Chorus unit does a good job for this application.

& Preceeded by limiter., While the Hot Springs is capable of
handling fairly large input signals, with excessively large signals
distortion can result. Patching a limiter in front of the reverb
(such as the PATA Dual Limiter), and clamping the imnput signal just
below the point of distortion, prevents overlcad problems.

* * * * *

Thank you for choosing PAIA equipment, The Hot Springs has
proven to be a very popular kit, and we hope that you enjoy using it
in your audio setup.
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